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In this study, we investigated whether mice given ultraviolet 
(UV)-B (280 - 320 nm) radiation in doses sufficient to alter 
Cutaneous immune cells and impair the induction of contact 
hyp~rsensitivity would also have impaired resistance to in-
fectIOus agents administered at the site of UV irradiation. 
C3H mice were exposed to 400 J/m2 UVR from FS40 sun-
lamps on four consecutive days. Immediately after the last 
UV treatment, groups of mice were injected subcutaneously 
With Candida albicans, injected intradermally (I D) with Myco-
bacterium bOllis bacillus Calmette-Guerin (BCG) , or infected 
percutaneously with Schistosoma manso/1.i in UV -irradiated 
skin. The induction of the delayed hypersensitivity response 
to C. albicans and BCG, as assessed by footpad swelling, was 
unaffected by UV irradiation. However, the number of via-
ble mycobacteria recovered from the lymphoid organs of 
Exposure of humans [1] and laboratory rodents [2,3] to suberythemal doses of ultraviolet (UV) B (280 - 320 nm) radiation (UVR) interferes with the generation of cell-mediated immunity to contact-sensitizing haptens applied epicutaneously at the site ofuV irradiation. The 
~ontact hypersensitivity (CHS) response is reduced in a UV dose-
ependent manner [4], and a state of immunologic unresponsiveness 
~o the hapten is established, which is associated with the presence of 
b apten-specific suppressor T lymphocytes [5 ,6]. The mechanisms 
ot which UVR activates the suppressor, rather than the effector arm 
I the Immune response are not completely understood; however, 
t 1e release of epidermal cytokines [7 ,8] and an alteration in the 
actiVity of epidermal Langerhans cells [6,9] following UV irradia-
tIOn have been shown to be involved. 
These profound effects ofUVR on the development of CHS have 
raised the question of whether the phenomenon may have practical 
Consequences for infectious diseases, in addition to its relevance for 
CUtaneous carcinogenesis [1]. Can the UV-induced alterations in 
CUtaneous immunity, manifested by altered induction of CHS, also 
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reVlations: 
BCG: bacillus Calmette-Guerin 
CHS: Contact hypersensitivity 
gE1'C: dendritic epidermal T ce lls 
p 1'H: delayed-type hypersensitivity 
UPD: purified protein derivative 
VR.: ultraviolet radiation 
BCG-infected mice was increased significantly in the UV-
irradiated animals for a period of more than 2 months. Low-
dose UV irradiation of the skin at the site of infection did not 
influence the number of S. manson; parasites recoverable 
from the internal organs of mice that had been infected with 
cercariae percutaneously 6 weeks earlier. We conclude that 
the ability of UV radiation to impair the development of 
cell-mediated immunity to antigens introduced in a UV-
irradiated site is not universal and depends on the particular 
antigen administered. We hypothesize that the involvement 
of epidermal Langerhans cells as the primary antigen-pre-
senting cells in the induction of cell-mediated immunity may 
be the critical factor in determining whether a particular 
immune response will be affected by local UV irradiation. ] 
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impair the induction of cell-mediated immunity against infectious 
agents that are deposited in the skin or that infect their host by 
means of skin penetration? Studies with Leishmania major demon-
strated that experimental infection of mice through UV-irradiated 
skin reduced their delayed-type hypersensitivity (DTH) response to 
leishmania antigens and diminished their resistance to reinfection 
[10,11]. Similarly, studies with herpes simplex virus type 1 (HSV-l) 
indicated that exposing mice to UVR before infection abrogated the 
development of DTH [12]. 
Weare interested in extending these observations to other mur-
ine models of infectious diseases. Calldida albicalls is an opportunistic 
fungus that is normally present on the skin, but causes systemic 
disease only in immuno-suppressed hosts [13]. Mycobacterium bOllis 
BCG is closely related to the bacterium that causes tuberculosis in 
humans, and it induces a strong DTH response that often correlates 
with resistance to systemic infection [14,15]. Schistosoma manSO/Ii is a 
parasitic trematode with a complex Iifecycle involving a snail vector 
and a mammalian host; it normally iufects humans by penetrating 
the skin during contact with water harboring infected snails [16]. 
Using these infectious-disease models, we examined the effect of 
suberythemal doses of UVR, applied to the site of infection, on the 
development of DTH to C. albicalls, and M. bOllis BCG, on the 
clearance of BCG from lymphoid organs, and on the infectivity of 
S. lIIansomi. Under conditions in which UV irradiation impaired the 
induction of CHS and altered the appearance of cutaneous immune 
cells, only the clearance of BCG was adversely affected by the UV 
irradiation. 
MATERIALS AND METHODS 
Mice Specific pathogen-free female C3H/HeNCr(MTV - ) mice 
were obtained from the National Cancer Institute Frederick Cancer 
Research Facility Animal Production Area (Frederick, MD). Mice 
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were 8 -12 weeks old at the beginning of each experiment. Within 
each experiment, the mice were age-matched. The animals were 
housed in a specific-pathogen - free barrier facility, accredited by 
the American Association for Accreditation of Laboratory Animal 
Care, for at least 2 weeks before use in experiments. All procedures 
were approved by the Institutional Animal Care and Use Commit-
tee. The mice were given free access to NIH formula 31 mouse food 
and sterilized water; ambient lighting was automatically controlled 
to provide 12-h light/12-h dark cycles. 
UV Irradiation The UVR source was a bank of six unfiltered 
FS40 sunlamps '(National Biological Corp., Twinsburg, OH) that 
emitted an average irradiance of 10 W /m2 over the wavelength 
range from 250-400 nm, as measured by an Optronics 742 inte-
grating spectroradiometer interfaced with a Hewlett Packard HP 
9815/s computer (Optronics Labs, Orlando, FL). About 65% of the 
radiation emitted was within the UV-B (280-320 nm) range, giv-
ing a dose rate of 6.5W /m2 in the UV-B region. 
For low-dose, local UV irradiation, the fur from dorsal or ventral 
skin was clipped, and the mice were anesthetized with methoxyfluo-
rane (Pitman-Moore Inc., Washington Crossing, NJ) and irradiated 
at a distance of20 cm from the bulbs for 60 seconds on 4 consecutive 
days. The dose of UV-B radiation received by the mice averaged 
approximately 400 J/m2 at each exposure. Control mice were 
shaved and anesthetized in the same manner. 
Identification of ATPase+ and Thy-l+ Epidermal Cells 
(DETC) in the Skin On the last day ofuV irradiation and also at 
several times thereafter, groups of normal, UV-irradiated, BCG-in-
fected, and UV-irradiated BCG-infected C3H mice were killed, 
and their skin was removed. After the connective tissue was scraped 
off with a scalpel, the skin was incubated in phosphate-buffered 
saline (PBS)-EDTA (0.02 M) solution at 37 °C for 3 h as described 
previously [2]; the epidermis was separated from the dermis and 
stained for ATPase activity using the method of Mackenzie and 
Squier [17]. 
For indirect immunofluorescence, epidermal sheets were fixed in 
acetone for 30 min and rinsed with PBS. They were then incubated 
at 4°C overnight in a 1: 30 dilution of rat anti-mouse Thy 1.2 
antibodies (Becton Dickinson Immunocytometry Systems, Moun-
tain View, CA) in PBS. After several rinses in PBS, the epidermal 
sheets were incubated in a 1 : 100 dilution of rhodamine-conjugated 
goat anti-rat IgG fraction (Cooper Biomedical, Inc., Malvern, PA). 
The specimens were washed again in PBS and mounted on glass 
slides in a 9: 1 solution of glycerol-PBS in 0.1 M propyl gallate. The 
numbers of ATPase+ and Thy-1 + cells were determined using light 
and dual epifluorescence microscopes (Nikon Inc., Garden City, 
NY) with a calibrated eyepiece. The mean number of cells/mm2 
from ten fields was determined for each group. 
Histologic Changes Associated with UV Radiation At 3 h, 
24 h, and 21 dafter BCG infection, the dorsal skin from UV-irra-
diated and unirradiated, BCG-infected mice was examined micro-
scopically to assess histologic changes . The excised skin was fixed in 
10% formalin, embedded in paraffin, cut in 6-p.m sections, stained 
with hematoxylin and eosin, and examined under a light micro-
scope. Some sections were stained by the method of Zieh l-Neelson 
in order to visualize acid-fast mycobacteria. 
Contact Sensitization Mice were sensitized and challenged ac-
cording to the method of Thomas et al [18]. Briefly, 100 p.l of 3% 
oxazolone (4-Ethoxymethylene-2-Phenyl oxazol-5-one; Sigma 
Chemical Company, St Louis, MO) in ethanol or 400 p.l of 0.5% 
fluorescein isothiocyanate (FITC; Aldrich Chemical Co., Inc., Mil-
waukee, WI) in a solvent composed of equal volumes of acetone and 
di-n-butylphthalate (Aldrich) was applied to clipped ventral skin. 
Six days later, the CHS reaction was elicited by applying 5 p.1 of 1 % 
oxazolone in olive oil or 0.5% FITC to both the ventral and dorsal 
surface of each ear. The ear thickness was measured with a spring-
loaded micrometer (Mitutoyo; Tokyo, Japan) before and 24 h after 
applying the challenge dose. Specific ear swelling was determined 
by subtracting the average ear swell ing of mice receiving the chal-
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lenge dose only from that of mice given both the sensitizing and 
challenge doses. 
Source ofBCG The Tice strain ofBCG, manufactured by Chi-
cago Research Foundation, was purchased from Antigen Supply 
House, Northridge, CA. The stock culture had approximately 
2.6 X lOB colony-forming units (CFU)/ml of suspension and was 
stored at - 70° C. Just before use, the stock was thawed and diluted 
to the appropriate concentration in sterile saline. 
Induction and Elicitation of DTH Mice were sensitized SC 
through the dorsal, UV-irradiated skin with 2 X 107 formalin-fixed 
Candida albicans after the last UV treatment. Stock cu ltures of Can-
dida were kindly supplied by Dr. Gabriel Lopez-Berestein, Depart-
ment of Clinical Immunology, M.D. Anderson Cancer Center. The 
cu ltures were grown as described in [19] on Sabouraud's dextrose 
agar plates (Austin Biologicals, Austin, TX); formalin-fixed Can-
dida was also prepared as described earlier [20]. Mice were chal-
lenged 6 d after sensitization with soluble Candida antigen (Antigen 
Supply House, Northridge, CA) by injecting 50 p.1 into each hind 
footpad; footpad thickness was measured just before and 24 h after 
challenge. The specific footpad swelling was determined by sub-
tracting the average footpad swelling of mice challenged with Can-
dida antigen from that of mice that were both sensitized and chal-
lenged. 
For induction of DTH to BCG, mice were infected by intrader-
mal (10) injection of 5 X 106 live units of BCG in 50 p.l through 
UV -irradiated dorsal skin. At various times after iruection, groups of 
mice were tested for a DTH response to the purified protein deriva-
tive (PPD) of BCG as described before [21,22]. Briefly, 50 p.l of 
PPD (Connaught Laboratories Ltd, Willowdale, Ontario, Canada), 
equivalent to 125 tuberculin units, was iruected into the hind foot-
pads of BCG-infected and uninfected mice. The footpad thickness 
was measured with a spring-loaded micrometer just before and 24 h 
after challenge; the difference between these values represented the 
footpad swelling. Specific footpad swelling was determined as de-
scribed above by subtracting the background swelling observed in 
non-sensitized mice from that of mice that were sensitized and 
challenged. 
BCG Infection The course of BCG infection was followed by 
assessing the number of viab le bacteria in the spleen and draining 
lymph nodes (axillary, brachial, and inguinal), as described 
previously [21,22]. The tissues from five mice were pooled and 
homogenized in 0.1 % albumin in distilled water; loglo dilutions 
were made, and 100 p.l of the cell suspension was plated in triplicate 
on 7Hll agar. The colony-forming units (CFU) were counted after 
21 d of incubation at 37 °C. The data were expressed as mean CFU 
per organ. In some experiments, the organs were not pooled, and 
the number of CFU was determined from individual anima ls to 
ensure that determinations on pooled tissues were representative of 
individual determinations. 
s. Mallsolli Infection Bioll1pha/aria glabrata snails infected with a 
Puerto Rican strain of S. mansorli were obtained from Biomedical 
Research Institute (Rockvil le, MD). The snails were housed for 
several days in the dark at 85 ° C in Lepple snail water. The snails 
were placed in a small volume of water and exposed to high-inten-
sity visible light at room temperature for 1 h to induce shedding of 
the S. mansoni cercariae. The concentration of cercariae was deter-
mined by removing severa l 0.1 ml aliquots of the water, staining 
with a drop of tincture of iodine, and counting the cercariae under a 
light microscope. Approximately 100 cercariae were placed in 15 
ml of snail water in 60 X IS-mm petri dishes. Mice were anesthe-
tized with sodium pentabarbital (0 .01 ml/g body weight of 5 mg/ 
ml nembutal) and placed over a petri dish with their shaved abdomi-
nal skin submerged in the infected water. After 1 h, cercariae could 
no longer be detected in water. Six weeks after infection, the mice 
were killed, and the parasite burden was determined by counting the 
number of adult worm pairs recovered by means of hepatic portal 
perfusion and dissection of the mesenteric veins [23]. 
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Table I. Effect of UV Radiation on CHS to Oxazolone and 
DTH to Candida 
Treatment Specific Percene 
of Mice" Mean ±SEMb Swelling' SuppressionJ 
A. None 2.9 ± 0.3 
Oxazolone 13.0 ± 0.8 10.0 
UVB, Oxazolone 3.5 ± 0.2' 0.6 94 
B. None 18.4 ± 2.3 
Ca t/dida 43.4 ± 2.6 25 .0 
UVB, Candida 49.9 ± 4.2 31.5 0 
'Abdominal sk in of C3H mice was exposed to 400 J/ m2 UVB radiation for 4 
consecutive d and painted with 3% oxazolone (A) or injected SC with 2 X 107 Ca l/dida 
(B) on the last day of irradiation. Mice were challenged 6 d later on both ears with 1 % 
oxazolone (A) or in both hind footpads with Cal/dida antigen (B) and the car/ footpad 
swellmg was assessed just before and 24 h after challenge. 
• Results arc expressed as mean ear (A) or footpad (B) swelling ± SEM from 5 mice. 
' Sp~cific swe lling, car or footpad swelli ng of sensitized mice minus swel ling in 
unscnsltlzcd mice. 
J Percent suppression, [1 - (specific swel ling of test mice/specific swelling of con-
trol group)] X 100. 
, P < 0.0001 versus oxazolone group , as determined by a two-tailed Student t test. 
Statistics Unless otherwise stated, each experiment was repeated 
at least three times, with five mice per group, and the data presented 
are representive of all results. Data are expressed as mean ± standard 
errOr of the mea n. The significance of the differences between UV-
Irradiated and unirradiated groups was assessed using a two-tailed 
Student t test. 
RESULTS 
Effect of UV on CHS to Oxazolone The abdominal skin of 
C3H mice was irradiated for 1 min (approximately 400 J/ m2 UVB ~adlation) on 4 consecutive d. On the las t day , groups of UV-irra-
lated and unirradiated mice were painted on th e ahdominal skll1 
With oxazolone to induce CHS or were killed to determine the 
n~mbers of dendritic immune cells in the epidermis. Mice sensitized 
h'lth oxazolone showed a strong C HS response; however, as we 
ttve ~hown previously [6]' treatment with low doses ofUV irradla-
on Significa ntly reduced the CHS response (Table I ,A). In fact, the 
response in the UV-irradiated mice was almost completely abro-
gated. 
~fFect of UVR on DTH to C Albicans Groups of C3H mice 
V -Irradiated Simultaneously With those descnbed above were Im-
~~nized on the last day of UV irradiation by SC injection of 2 X 
k' fOnnahn-fixed Candida cells through the UV -irradiated ventral 
S lll . SIX days later, they were injected with soluble Candida antigen 
~to t~l e ~ind footpads to elicit a DTH response. Immunization with U~'d'da l~lduced a strong DTH response in both unirradiated ~n.d 
-Irradiated groups (Table I,B) ; th erefore, there was no ll1hlbl-~.f effect of t.his regimen of UV ir.radiation on the ind~ction of 
d H to CandIda . In fact, thiS expenment was repeated SIX times, 
an ;n Some experiments, the DTH response to Candida was signifi-
cant y higher in UV -irradiated mice than in control animals. 
J~ect ofUVR on DTH to BCG and on the Number of Den-
wfltic Epidermal Cells For experiments using BCG, C3H mice 
sl ere exposed to 400 J/m2 UVB radiation for 4 consecutive d on 
5 l~ved dorsal skin and injected ID throu gh the irradiated skin wit.h 
d l06ltve units ofBCG. We have previously determined that tl1lS s~se rof UV irradiation given to either ventra l or dorsal skin wil l 
d· pp ess the II1duction of CHS to haptens applied to the UV -Irra-lated' (I . 
v ' Site not s lOwn). The mice were tes ted for DTH to PPD at 
aUnous times between 21 and 90 d after infection with live BeG. At 
th tll11e points, the UV -irradiated mice exhibited a DTH response 
di at ;as equal to or significantly greater than that of the unirra-~e group (Fig 1). 
th 0 ensure that the regimen of dorsal UV irradiation was reducing l o~ 7~mbers of cutaneous immune cells and to determine whether 
ex: . CG II1fection was affecting the numbers of these cells, we 
IUmed epidermal sheets from BeG-infected and UV -irradiated 
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Figure 1. Effect of local UV radiation on the OTH response to BCG. 
C3H/HeN mice were exposed to UV radiation on dorsal skin for 60 seconds 
(400 J /m2) for 4 consecutive days and on day 4 they were infected 10 with 
5 X 106 live units of BCG through the site of irradiation. Groups of mice 
were tested for a DTH response by injecting 50 ,ul of PPO into each hind 
footpad and measuring footpad swelling 24 h later. Unirradiated, BCG-in-
fected mice and the unirrad iated. uninfected controls were similarly tested 
for DTH to PPD. The data are expressed as mean ± SE of five mice. This 
experiment was performed at least three times, and these data are representa-
tive of all results. The probability of no difference between UV -irradiated 
and unirradiated. BCG-infected mice was determined using a two-tailed 
Student t test. t p < 0.01; "p < 0.0001. 
mice at 1, 21, and 42 d after the last UV irradiation. As shown in 
T able II, UV irradiation decreased the number of ATPase+ cells by 
76% at 1 d after the UV treatment; recovery was nearly complete by 
day 21 and complete at day 42. Injection of BCG ID had no effect 
on the number or morphology of ATPase+ Langerhans cells in the 
epidermis adjacent to the il-u ection site compared to untreated skin, 
nor did it alter the reduction in ATPase+ cells observed in UV -irra-
diated skin. 
The number ofThy-1 + dendritic epidermal cells was also reduced 
following UV irradiation (Table II); only partial recovery was noted 
at 21 dafter UV treatment, but recovery to normal numbers was 
observed at day 42. Injection of BCG significantly reduced the 
number of Thy-1 + dendritic cells at 1 and 21 d after infection, in 
contrast to its lack of effect on ATPase+ cells. One day after treat-
ment, the skin of nlice given both UV radiation and BCG had a 
lower nlllnber of Thy-1 + cells than that of mice given either agent 
alone; however, on day 21, the numb.er ofThy-1+ cells was similar 
in all three treatment groups, but significantly less than that of the 
untreated group. This experiment was performed twice with simi-
lar results, and demonstrated that UV irradiation of dorsal skin 
decreased the number of detectable ATPase+ and Thy-1 + dendritic 
epidermal cells and that il'Uection of BCG did not abrogate this 
effect of UV irradiation. 
Effect of UVR on the Course of BCG Infection Histologic 
sections were prepared from the site of BeG injection at 3 h, 24 h, 
and 21 d after infection. At 3 and 24 h, there were inflammatory 
changes in the epidermis, dermis, and subcutis of both UV -irra-
diated and unirradiated groups. The skin from both groups showed 
infiltrations of neutrophils, macrophages, and mast cells in the 
dermis and subcutis, and numerous acid-fast bacilli. The only differ-
ence between the two groups was the thickening (Fig 2) of the 
epidermis in the UV-irradiated mice, presumably resulting from 
UV -induced epidermal hyperpl asia. At 21 d after infection, granu-
loma formation was evident in both groups, and few acid-fast baci lli 
were detectable; few inflammatory cells were apparent outside the 
granuloma. Thus, there were no apparent histologic differences in 
the local response to BeG infection in UV -irradiated and unirra-
diated mice at the time points examined. 
After assessing the DTH response of the BeG-infected mice, the 
r 
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Table II. Effect of Local UV Irradiation on Dendritic Epidermal Cells in BCG-Infected C3H/HeN Mice 
Treatment Groups' 
Days After Infection Control UVB BCG UVBCG 
A TPase+ cells 
1 1615 ± 74 385 ± 34 (24)' 1577 ± 35 (98) 487 ± 43 (30)' 
21 1645 ± 66 1435 ± 68 (87)b 1536 ± 67 (93) 1450 ± 77 (88) 
42 
Thy-l + cells 
1615 ± 74 1645 ± 56 (102) 1495 ± 88 (92) 1532 ± 96 (95) 
1 970 ± 96 252 ± 44 (26)' 607 ± 33 (62)' 167 ± 35 (17)' 
.21 970 ± 95 507 ± 65 (52)' 595 ± 33 (61)' 502 ± 32 (52)' 
42 730 ± 44 747 ± 53 (102) 725 ± 32 (99) 607 ± 52 (83) 
, C3H mice were irradiated on the dorsal skin for 60 seconds on 4 consecutive d. On the last day of irradiation, they were injected ID with BCG through the irradiated skin. One, 
21, and 42 d later, three mice from each group were killed, and their skin was removed for preparation and staining of epidermal sheets . The number of ATPase+ and Thy 1+ cells in 10 
fields was counted; results are expressed as mean number of cell s/mm2 epidermis ± SEM, and as percent of control in parenthesis. Probabiliry of no difference between each treatment 
group and the control was determined by a two-tailed Student t test. 
b P < 0.01. ' P < 0.001. d P < 0.0001. 
mice were killed and their lymph nodes and spleen were harvested 
to determine the number of viable bacteria present. The lymphoid 
tissues were homogenized, plated on 7H 11 agar plates, and incu-
bated for 21 d at 3rc. In C3H mice, BCG causes an acute, self-li-
miting infection in which the bacteria spread from the inoculation 
site to the regional lymph nodes. The bacteria multiply primarily in 
the lymph nodes, and only a few organisms reach the spleen. Even-
tually, the organisms are killed and eliminated from the tissues. This 
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pattern of disease pathogenesis is illustrated in Fig 2, in which the 
number of CFU of BCG was determined at 21, 42, 65, and 90 d 
after infection. In the unirradiated mice, the number of viable BCG 
in the lymph nodes was maximal on day 21 and gradually decreased 
thereafter; a few bacteria could be detected in the spleen on days 21 
and 42 after infection, but not at the two later time points. 
This pattern was dramatically altered in the UV -irradiated mice 
(Fig 3).An increase in the number of viable bacilli was detectable in 
the lymph nodes ofUV-irradiated mice at all time points and in the 
spleen on days 42 and 65, compared to unirradiated controls. The 
bacterial burden peaked on day 65 in both spleen and lymph nodes. 
Although the infection was eventually controlled, the systemic 
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Figure 2. Photomicrographs of skin of C3H mice injected 10 with 5 X 106 
live BCG 3 h earlier. (A) Non-UV-irradiated skin and (B) skin exposed to 
four daily doses of 400 J/m 2 ofUV radiation and immediate infection with 
BCG (hematoxylin & eosin) . Note epidermal thickening after UV irradia-
tion. 
Figure 3. Effect of local UV irradiation on BCG colony-forming units in 
the lymph nodes (A) and spleen (B). C3H mice were exposed to 400 J/m2 
UV radiation on 4 consecutive d. On the last day ofUV irradiation, the mice 
were injected 10 with BCG on the dorsal skin in the site of irradiation. At 
various times, the peripheral lymph nodes (axillary, brachial, and inguinal) 
and spleen from UV-irradiated and unirradiated, BCG-infected mice were 
pooled, homogenized. and plated onto 7H 11 agar, and the CFU were counted 
21 d later. These data are the mean ± SE of counts from triplicate plates 
from the pooled tissues of five mice. These data are representative of three 
independent experiments. The probability of no difference between UV-
irradiated and unirradiated, BCG-infected mice is indicated as i"p < 0.01; 
'p < 0.001; and "p < 0.0001, as determined by Student t test (two-tailed). 
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Table III. Effect of Local UVB Irradiation on S. Mal1SMli 
Infection and on CHS to FITC 
Infection with S. Mallsolli" CHS response to FITCb 
Treatment N 
Number of Adult Worm 
Pairs Recovered' N 
None 21 
UVB 18 
8 ± 1 5 
8 ± 2 5 
Specific Ear Swelling 
(ml11 X 10-2) 
10.1 
4.1J 
I ' Mice were infected through UV -irrad iated skin with S. lII a llSO lli cercariae. Six weeks 
ater, they were killed, and the number of adu lt worm pairs in the hepatic-portal and 
rn~scn.teric veins was determined. Figures represent mean ± standard error. 
I MIce were painted epicutaneously through UV -irradiated skin with FITe. Six days 
ater they were challenged with FITC on the ears, and ear swelling was determined at 
24 h. Specific ear swelling is the ear swelling of sensitized mice minus that of mice that 
were chall enged only. 
: Combined resul ts of two independe nt experiments. 
p < 0.0001 versus un irradiated group (Student t test) . 
phase of the disease process was prolonged considerably in the UV-
Irradiated mice. 
Effect ofUVR on Infection with S. Matlsoni On the last day of 
a 4-d COurse of UV irradiation, groups of mice were contact sensi-
tized with FITC or infected with S. mansolli cercariae through the 
UV -irradiated site. Contact sensitization was assessed by ear swell-
Ing 6 d later, and the infectivity of S. manso,1i was determined by 
cOunting the number of adult worms present in the hepatic-portal 
and mesenteric veins 6 weeks after infection . As shown in Table III , ~V irradiation reduced the C HS response to FITC, as expected; 
10wever, there was no detectable effect of the UV irradiation on the 
Infectivity of S. manSMli. 
DISCUSSION 
In these studies we examined the effects of local, low-dose UVB 
Irradiation on three infectious disease models. The UVB irradiation 
rOtocol we used impaired the induction of C HS to oxazolone and 
A ':JC applied at the UV -irradiated site and decreased the number of 
h Pase+ and Thy-1 + dendritic epidermal cells. We also observed 
\ at UV radiation depleted the number of Ia+ cel ls in the skin but 
t e number was not more than ATPase+ cells (data not shown). The 
epidermal Langerhans cell seems to be a primary target of the UV 
Ir~dl~tion in this model. In vivo exposure of the skin to UVB 
ra latlon interrupts the antigen-presentation pathway for contact 
[~ns]ltIZat i ol'~ [2,6]' which is carried out mainly by Langerhans cells [2~ . Also, 111 vitro UV irradiation of epidermal cell suspen.slOns 
,26] and Isolated Langerhans cell s [27] modifies their antl gen-
resentlIlg activity in vivo and in vitro. The role of Thy-1 + den-
n~c cells in cutaneous immunity is quite uncl ear although some 
stt hes have suggested that they may participate in down-regulation 
o dt e CHS response [27,28]. In our study, we used these cells as 
1,ICators of cellular perturbation because they are known to be 
: tered by UV irradiation [2 ,6]. Nonetheless, we found no impair-
nent In the induction of the DTH response to fixed Cal1dida cells 
~ected SC or viable BCG injected ID at the site ofuV irradiation. 
n ese resu.lts strongly imply that epidermal Langerhans cell s are not 
o orrnally 1l1volved in the induction of DTH responses to these 
a rganlsms upon introduction via the SC or ID routes, and that 
g ntlgin-presenting cel ls from other sites, such as the dermis or re-p~~ha lymph nodes, must play a major role in initiating the DTH 
Way. 
lu1n fact, the DTH response was often higher in UV-irradiated Ice tha '. . 1 tio ~ n 111 control al1lmals. There are several pOSSible exp ana-
of ns flor thiS findin g. First, UV irrad iation may increase the number 
the 1\ ammatory cell s in the dermis or draining lymph nodes, 
du ~e Y providing a larger pool of anti gen-prese nting cells for in-se l~l.n~ DTH. Such cells wou ld either be unable to induce contact cOI~ltlZttlOn or would be present in insuffi cient numbers to over-
Sec e ~ le effects of UV irradiation on epidermal Langerhans cells. kin~nf' Uv radiation is known to cause the release of various cyto-
s rom keratinocytes [29 _ 31]; perhaps such cytokines can aug-
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ment induction of the DTH response at a step subsequent to antigen 
presentation. Third, these studies demonstrate that in vivo UV irra-
diation impairs the clearance ofBCG from lymphoid organs; there-
fore, persistence of antigen in the lymphoid organs might contrib-
ute to the increased DTH responses observed. 
In spite of the fa ilure ofUV irradiation to impair the induction of 
DTH to BCG, it dramatically altered the course ofBCG infection. 
Many more viable baci lli were present in the peripheral lymph 
nodes of UV -irradia ted mice than in unirradiated mice throughout 
the course of infection. Significant numbers of bacteria were also 
present in the spleen of UV-irradiated mice, even though BCG is 
seldom present in significant numbers in this organ after ID infec-
tion of normal C3H mice. Although the infection eventually re-
solved in both UV-irradiated and unirradiated mice, the severity of 
the disease, as measured by bacterial burden, dissemination, and 
persistence, was enhanced in the UV-irradiated group. It is rather 
remarkable that the effects of prior UV irradiation were manifested 
for at least 2 months after initiation of the infection. This effect of 
UV irradiation did not seem to be due to an alteration of the local 
inflammatory response to BCG infection. Histologic examination 
of the BCG il*ction site failed to reveal any notable differences in 
the inflammatory response or granul oma formation in UV-irra-
diated and unirradiated groups. Thus, the increased numbers of 
bacilli in the lymph nodes may have arisen from increased lym-
phatic drainage from the UV-irradiated skin or from an impairment 
in the phagocytic or bactericidal activity of macrophages in the 
lymph nodes. In ei ther case, this finding implies that in addition to 
altering epidermal Langerhans cells, low-dose UV irradiation has 
add itional effects that are manifested at the level of the regional 
lymph nodes. 
In these studies we also examined the effect oflocal UVB irradia-
tion on the ability of Schistosoma cercariae to penetrate murine skin 
and establish a systemic parasitic infestation. In this model, UV 
irradiation had no effect on the number of adult parasites present in 
the hepatic-portal and mesenteric veins at 6 weeks after infection. 
This result indicates that cutaneous immunity of the type involved 
in the generation of the CHS response does not participate in resist-
ance to infection with S. '·lIa'·lsol1i. T hus, these studies imply that 
epidermal Langerhans cells do not play a protective role in the 
initial interaction between the infecting cercariae and the non-im-
mune host. 
Our results are quite different from those obtained by others with 
Leish,nania [10,11] and HSV [32,33] using local UV radiation. In 
the case of Leishmania, B 1 0.129(10 M} mice were irradiated w ith 
150 J/m2 from a Waldmann UV800 UV-B source on the tails 24 h 
before and 24 h after ID infection with the parasites and subse-
quently every 48 or 72 h for 4 weeks. The experiments involving 
HSV used BALBlc mice exposed to 33"4 J/m2 on 4 consecutive d on 
the chest wall and injected with the virus ID at the irradiation site 1 
h after the last UV exposure. The reason for the discrepancy in the 
two results could be due to differences in the UV irradiation regi-
men, the type of UV lamps used, or the site of injection of the 
infectious agents. In addition, suppression of DTH to Leishmania 
and HSV could have resulted from a systemic effect of the UV 
irradiation, rather than the presumed local effect [1 2]. Alternatively , 
the discrepancy cou ld be due to differences in the way that various 
microorganisms are handled by the immune system. There is consid-
erable evidence suggesting that Langerhans cells playa critica l role 
in resistance to HSV infection and that UV-induced impairments in 
Langerhans cells not only increase the initial infection [32,34,35]' 
but also participate in recrudescence of cutaneous lesions in animals 
harboring latent HSV infection [36]. 
It should be pointed out here that the FS40 sunl amps we used for 
the present study emit more than 35% of their energy in the UV A 
(320 - 400 nm) region. It has been reported that UV A-induced tan-
ning protected against further UV A injury in humans and was asso-
ciated with a mononuclear cell infiltration of the skin [37]. In addi-
tion, exposure of mice to UV A radiation reduced the number of 
cutaneous immune cells [38] . However, it did not affect the induc-
tion of CHS to DNFB [38]. Therefore, it is not likely that in the 
present study, th e suppression of CHS to oxazolone in UV-irra-
64 JEEV AN ET AL 
diated mice is due to the UV A radiation in the FS40 sunlamp, 
although we cannot rule out its contribution to the increased dissem-
ination of BCG. 
Thus, our results failed to support the hypothesis that the injec-
tion of any antigen into the site ofuV irradiati.on would res~ltin an 
impaired DTH response. This finding clearly llldicates that It IS not 
possible to generalize about the local effect of uy trrad~at1on.on 
DTH to other microorganisms, based on the findlllgs With Lel~h­
mania and HSV, nor is it possible at the present time to predict 
which infectious diseases might be influenced by the local immu~o­
suppressive effects ofuV irradiation. These suggest that the s.electlv-
ity of low-dose, local UVB irradiation. for cut~neous reactions lll-
volving Langerhans cells may be useful III assesslllg the role of these 
cells in resistance to cutaneous infections. 
We tha"k Pat Cox and Kenneth D,mner Jr. Jor their techllical assista"ce alld Alice 
Burnett for preparation of the manuscript. 
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